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ABSTRACT 

We aim to characterize the current status of knowledge on the accuracy of open-cluster 
parameters such as the age, reddening and distance. These astrophysical quantities are 
often used to study the global characteristics of the Milky Way down to very local 
stellar phenomena. In general, the errors of these quantities are neglected or set to 
some kind of heuristic standard value. We attempt to give some realistic estimates 
for the accuracy of available cluster parameters by using the independent derived 
values published in the literature. In total, 6437 individual estimates for 395 open 
clusters were used in our statistical analysis. We discuss the error sources depending 
on theoretical as well as observational methods and compare our results with those 
parameters listed in the widely used catalogue by Dias et al. (2002). In addition, we 
establish a list of 72 open clusters with the most accurate known parameters which 
should serve as a standard table in the future for testing isochrones and stellar models. 
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INTRODUCTION 



The study of open clusters naturally introduces many ad- 
vances, because they are physically related groups of stars 
held together by mutual gravitational attraction that were 
formed at roughly the same time from one large cosmic 
gas and dust cloud. Their evolutionary stages range from 
clouds where star formation still takes place at this moment 
to very old aggregates with turn-off points as late as solar 
type stars. Therefore, they represent samples of Population 
I stars of constant age and comparable intrinsic chemical 
composition, best suited to study processes related to stellar 
evolution and formation, and to fix lines or loci in several 
most important astrophysical diagrams. These procedures 
are statistical methods, for example fitting isochrones to de- 
termine the age, reddening, and distance of an open cluster, 
independent of individual peculiarities of members. 

As the open clusters drift along their orbits, they are 
excellent tracers for the global kinematics and dynamical 
characteristics of the Milky Way itself. However, some of 
their members escape the cluster, due to velocity changes 
in mutual close encounters or tidal forces in the galactic 
gravitational field. The escaped stars continue to orbit on 
their own as field stars. 

As a summary it can be concluded that open clusters 
allow the study of a significant number of astrophysical pa- 
rameters and models from the global scale of the Milky Way 
down to processes in individual stars from the Pre-Main- 
Sequence to Post-AGB evolution. 

But what about the accuracy of the presently known 



open-cluster parameters? Surprisingly enough, there is, to 
our knowledge, no work within the last ten years which deals 
with this question in detail. Although there are several new 
catalogues (Dias et al. 2002 and Kharchenko et al. 2005) 
published and a flood of new parameter estimates, mainly 
because the common use of CCDs permits the observation 
of fainter and more distant clusters, there is no published 
statistical analysis describing if and how the accuracy has 
improved. 

If we look at recent statistical papers dealing with open- 
cluster parameters (e.g. Chen, Hou & Wang 2003, Dias & 
Lepine 2005), none of them have any detailed error treat- 
ment included. Although apparent "mean values" for the 
age, distance and metallicity are used, the level of accuracy 
is completely ignored in the final conclusions. 

In this work we try to fill this gap by presenting a de- 
tailed analysis of the current available open-cluster parame- 
ters and the corresponding errors. For this purpose we have 
searched the literature up to November 2005 for individual 
cluster parameter estimates. The primary goal is to establish 
a list of "standard" open clusters covering a wide range of 
ages, reddenings and distances from the Sun selected on the 
basis of the smallest errors from the available parameters in 
the literature. These clusters should serve as a standard set 
for future investigations. We also compare the derived mean 
values with those of the most recent catalogue by Dias et al. 
(2002) resulting in an overall satisfactory agreement. 
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Figure 1. The errors of the mean for the distance, reddening and 
age versus the number of available estimates in the literature for 
the complete sample of 395 open clusters. They are smaller for 
the distance and reddening if more observations are available, but 
the mean errors for the age estimate are more or less constant. 
There are only few open clusters with more than 10 measurements 
which are not included in these diagrams to avoid a bias due to 
poor number statistics. 



2 DATA SELECTION AND PREPARATION 

For the determination of mean values for the age, red- 
dening and distance, we have used the following data 
sources: Janes, Tilley & Lynga, (1988), Malysheva (1997), 
Dambis (1999) Dutra & Bica (2000), Loktin et al. 
(2001), Tadross (2001), Lata et al. (2002, and refer- 
ences therein), Kharchenko et al. (2005) and an up- 
dated list of individual publications as listed in WEBDA 
(http:/ / www.univie.ac.at/webda/recent_data.html I which 
includes more than 300 different papers. The latter 
was mainly performed within the framework of ADS 
(http://cdsads.u-strasbg.fr/ 1. The individual references 
were further checked for sources from the literature to guar- 
antee a maximum of available estimates accessible to the 
community. All selected publications list E{B — V), logi 
and the distance from the Sun. The only exception is Maly- 
sheva (1997) who lists E(b — y) which was converted by a 
factor of 1.43 to E(B — V). For the further analysis we have 
used Ay = 3.1E(B — V) which is the best mean value for 
most regions in the Milky Way (Winkler 1997). 

We have carefully checked whether the listed parame- 
ters for each open cluster in the individual references are in- 



dependent of each other and not used by two authors twice. 
Kharchenko et al. (2005), for example, used data by Lok- 
tin et al. (2001). Such duplicated data were not used in the 
subsequent analysis. 

Janes et al. (1988) studied all photometric measure- 
ments available at that time to them and introduced weights 
to derive the cluster parameters. They summarize the knowl- 
edge and results for the given time and supersede the cata- 
logue by Lynga (1987). 

The catalogue of Dias et al. (2002) was not used at this 
stage because it already lists averaged values from the lit- 
erature. Furthermore we made a comprehensive comparison 
with the results of this work (Sect.^J. 

The metallicity is also a free parameter when fitting 
isochrones to photometric data. Chen et al. (2003) compiled 
a catalogue of metallicities and analysed this sample. They 
derived a radial iron gradient of —0.063(8) dexkpc -1 for the 
Milky Way with an intrinsic spread of the overall open clus- 
ter metallicities of ±0.2 dex. This is in excellent agreement 
with the scatter of the metallicity found for F and G type 
stars in the solar neighbourhood (Karatas, Bilir & Schuster 
2005). The effect of different metallicities to the isochrone 
fitting procedure is extensively discussed by Pinsonneault et 
al. (2004). The A My values range from +0.1 to -0.3 mag for 
[Fe/H] = ±0.2 dex and constant effective temperature sensi- 
tive color indices. Taking a difference of 0.3 mag for the dis- 
tance modulus introduced by an incorrect treatment of the 
metallicity, the error for lkpc is 150 pc or 15%. However, 
these discrepancies are only valid for effective temperatures 
cooler than 8000 K. For hotter temperatures, the difference 
in the metallicities result mainly in a shift of the temperature 
sensitive color indices (Schaerer et al. 1993). Lebreton (2000) 
presented a comparison of galactic field stars with known 
metallicities as well as accurate parallax measurements and 
appropriate isochrones (see Figure 6 therein). There is an 
apparent mismatch at any level of metallicity. However, the 
most significant differences are at large underabundances 
(> —2.5 dex) which are normally not found in open clusters 
of the Milky Way. There are only a few independent esti- 
mates of the metallicity in the literature. Twarog, Ashman 
& Anthony- Twarog (1997), Gratton (2000) and Chen et al. 
(2003) give a summary of the current knowledge with an 
error estimate of the individual values. Since then very few 
new estimates have been published. We have therefore not 
made a new and redundant error analysis of the metallicities 
for open clusters. 

All individual data were considered as completely equal 
and no weights were attributed. No assessment of the corre- 
sponding reference for the used methods, isochrones and so 
on was done. This should guarantee that no unknown bias 
is introduced in the data set. We have rejected NGC 2451, 
which recent studies have shown that is formed by the super- 
position of two clusters at different distances, and Basel 11, 
which was wrongly assigned in the original survey. There- 
fore the former parameters determined for the joined data 
are no longer significant. Furthermore, Pena & Peniche 
(1994) reported significant inconsistencies for the analysis 
of NGC 7209 which we also neglected. 

We have also not included the given "intrinsic" errors of 
individual references. The simple reason is that most authors 
list only an overall error (if any) for all measurements which 
is highly unrealistic and would introduce an unknown bias. 
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Figure 2. The distribution of the mean absolute errors of the 
distance and age as well as the standard deviation of the redden- 
ing for the complete sample of 395 open clusters with more than 
three independent measurements from the literature (Section 13V 
This figure summarizes the current accuracy of open-cluster pa- 
rameters. 



Figure 3. Distribution of the differences of the distance, age 
(both in units of the standard deviation of the mean) and red- 
dening from the most recent catalogue by Dias et al. (2002) and 
the estimate from this work. The values of the Gaussian fits are 
shown in the panels. 



For the final list, we have averaged the data of open 
clusters for which at least three independent estimates of 
the age, reddening and distance are available. It contains 
6437 individual estimates for 395 open clusters. As the last 
step, the standard deviations were calculated. 



3 STATISTICAL ANALYSIS OF THE SAMPLE 

Fitting isochrones to photometric data is not straightfor- 
ward. The goodness of the fit depends on the following char- 
acteristics of the colour-magnitude diagram of an open clus- 
ter: 

• Number of members 

• Percentage of contamination by non-members 

• Age, i.e. visibility of the turn-off point, an important 
source of errors for young open clusters 

• Presence of spectroscopic binaries which shifts the main 
sequence by a maximum of 0.754 mag 

• Presence of a red giant clump which makes an isochrone 
fitting much more significant 

• Differential reddening 



• Available photometric indices, (U — B) is, for example, 
an excellent indicator for the reddening and membership 

• Quality of the data 

• Metallicity 

In addition, there is also a "human factor" which enters 
the estimate of the best fit to observational data. Ander- 
sen & Nordstrom (1999) show how different research groups 
interpret the same data set quite differently, using the ex- 
cellent example of NGC 3680 (Figure 3 therein). This is 
not because one set of parameters is better than the other 
but the technique of isochrone fitting itself is not unambigu- 
ous. For this reason, very sophisticated computer algorithms 
were developed to overcome this problem (J0rgensen & Lin- 
degren 2005). The method is rather simple: the locations 
of the color-magnitude diagrams are divided into boxes and 
the incidence of members within each box is counted. Those 
numbers are compared with the same parameterization of 
standard isochrones. Loktin et al. (2001) and Kharchenko 
et al. (2005), for example, used such a black box to derive 
cluster parameters. However, J0rgensen & Lindegren (2005) 
concluded that the systematic errors of computer algorithms 
are at least on the same level as those introduced by the hu- 
man factor. 
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Another error source is the choice of appropriate 
isochrones. Grocholski & Sarajedini (2003) discussed the 
apparent differences of the five most commonly used sets 
of isochrones. They concluded that none of the theoretical 
isochrones reproduce the observational data in a consistent 
manner over the magnitude and colour range of the zero 
age main sequence. In particular, there are significant zero 
point and shape differences between the models and the ob- 
servations. There are three reasons for these discrepancies: 
1) the input physics has to be improved; 2) The transforma- 
tion between theoretical and observational parameters; and 
3) more standard open clusters have to be established for 
testing new models. 

For our statistical analysis we have chosen the following 
parameters: 

• a(D)/D: the absolute error of the mean distances 

• a E(B — V): the standard deviation of the mean red- 
dening values 

• a(age) / 'age: the absolute error of the mean ages (in 
units of Myrs and not in the logarithmic scale) 

The parameters themselves are, in general, not independent 
from each other. For example, the distance depends on the 
total absorption. 

Figure shows the errors of the mean for the distance, 
reddening and age versus the number of available estimates 
in the literature for the complete sample of 395 open clus- 
ters. The errors of the means for the distance and reddening 
decrease with more available observations while the mean 
errors for the age estimate are more or less constant over 
the whole range. Note that there are also a few parameters 
which are estimated more than ten times, but these few data 
are not shown to avoid any poor number statistics. 

The distribution of the different error estimates (Fig. 
gives an idea of the current accuracy for the open-cluster 
parameters. The reddening is best known mainly because 
the main sequence can be fitted more easily for almost all 
open clusters. For about 90% of all clusters, the error is be- 
low 0.1 mag. The distances are also rather well determined: 
for about 80% of all aggregates, the absolute error is less 
than 20%. As expected, the estimate of the age of open clus- 
ters is the most difficult and introduces large uncertainties. 
Only 11% of the investigated open clusters have errors less 
than 20%. Even more than 30% exhibit an absolute error 
larger than 50% with extreme values of more than 200%. 
These characteristics are most certainly not due to wrong 
estimates or typographical errors in the reference but an 
intrinsic problem of the method itself. 

How should one overcome the problem of a proper age 
estimate for open clusters? We have shown that the knowl- 
edge of the reddening and determining distances is satisfac- 
tory. If we look at the metallicity, the situation is rather 
poor. Most authors use solar abundances (e.g. Dutra & 
Bica 2000, Loktin et al. 2001 and Kharchenko et al. 2005) 
throughout the isochrone fitting process, this procedure is in 
most cases justified, but normally photometric data will not 
allow us do it any better. We believe that the only way out 
of the dilemma is to establish "standard" open clusters cov- 
ering a wide range of distances, ages and reddening values 
which should allow, for example the testing of isochrones. 



4 COMPARISON WITH THE CATALOGUE 
BY DIAS AND COWORKERS 

The current best approximation, many authors use 
is the list of parameters published by Dias et al. 
(2002). We have used the open-cluster parameters of 
the October 2005 version of the catalogue available at 
http://www.astro.iag.usp.br/~wilton/ for comparison with 
our results. The motivation for this comparison is to have 
an estimate of the statistical error introduced when using 
"mean" catalogue parameters instead of performing an in- 
dependent analysis of its own. 

We are aware that the catalogue of Dias et al. is a kind 
of compendium of different sources from the literature. They 
do not perform any weighting or averaging in the tradition 
of Lynga. Our analysis, on the other hand, is based on av- 
eraged values from widely different methods and authors. It 
is therefore very interesting to examine if an independent 
check of this catalogue can confirm its validity. 

For the analysis we have calculated the differences of 
the open-cluster parameters of the catalogue by Dias et al. 
(2002) and our mean estimate for the sample of 395 open 
clusters. For the reddening we have just used the differences 
as they were calculated. Otherwise, those difference were 
normalized in units of the standard deviation of the mean 
for the distance and age. The interpretation of those param- 
eters is the following: for values between —1 and +1, the 
error of averaging the literature parameter is statistically at 
the same level as the uncertainty introduced by using those 
catalogued ones. Fitting a Gaussian distribution to the com- 
plete sample of values should result in a width of less than 
2\/2 In 2 « 2.355 if both "error sources" have the same sta- 
tistical significance and can therefore not be disentangled 
(Rees 1987). 

Figure [3] shows the distribution of the differences of the 
distance, reddening and age as well as the basic parameters 
of a Gaussian fit to these distributions. The widths of all 
three distributions are in the expected range taking into ac- 
count the overall statistical errors on the cluster parameters 
(Fig. |2l • We therefore conclude that if one uses the parame- 
ters of the catalogue by Dias et al. (2002) the expected errors 
are comparable to those which we derived for averaging the 
independent values from the literature, a result which is in 
favor of the parameters from the mentioned catalogue from 
a statistical point of view. 



5 A SET OF STANDARD CLUSTERS 

If one aims at a statistical study of a group of clusters, a 
standard set for comparison is necessary. Mermilliod (1981), 
for example used the following clusters to establish em- 
pirical isochronous curves: Alpha Persei, Hyades, IC 4665, 
NGC 457, NGC 884, NGC 2281, NGC 2287, NGC 2362, 
NGC 2516, NGC 3532, NGC 3766, NGC 6231, NGC 6475 
and the Pleiades. Those clusters still serve as references 
when studying red giants (Eigenbrod et al. 2004). Another 
interesting work in this respect is the one by Piatti, Claria & 
Bica (1998) who presented composite Mv versus (V — I)o di- 
agrams for the following "standard" open clusters: IC 4651, 
NGC 3680, NGC 3766, NGC 6025, NGC 6067, NGC 6231, 
NGC 6242, NGC 6259, NGC 6451 and NGC 6633. They se- 
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Table 1. List of 72 suggested standard open clusters, sorted after the galactic longitude, from the literature. The listed parameters are 
calculated mean values with their standard deviations and should be treated in a statistical sense. The columns "No" denote the number 
of used independent estimates. 
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Table 1. continued. 



Cluster 


Name 
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a{D) 
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E(B - V) 


oE(B - V) 
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age 


a(age) 


No 
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[pc] 




[mag] 


[mag] 
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and NGC 6475. This already indicates that a common set 
of standard open clusters is very much needed. 

The lists of standard clusters given in the above men- 
tioned references have been chosen based on the available 
photometric, spectroscopic and kinematical data. However, 
as an example, Paunzen & Maitzen (2002) have shown that 
the photometric data of NGC 6451 are not intrinsically con- 
sistent and suffer from an offset of one magnitude in Johnson 
V . Our approach is different and not based on the current 
available data for individual open clusters. On the contrary, 
our list should trigger new observations to further improve 
the knowledge of the listed cluster parameters. We present a 
list of open clusters with a significant number of independent 
investigations and parameters with small errors. 

We have chosen the rather strict criteria (especially for 
the age estimate) for the errors of the parameters: 

• o-(D)/D <25% 

• oE{B - V) < 0.1 mag 

• a (age) /age < 30 % 

In total, 72 open clusters, listed in Table Q fulfill these cri- 
teria. Figure 0] shows the distribution of the distances, red- 
denings and ages for these proposed standard clusters. They 
cover the complete range of known cluster parameters within 
the Milky Way. These open clusters should serve as obser- 
vational test cases for further theoretical developments. A 
closer inspection of these open clusters in WEBDA reveals 
that, for example, the data of NGC 6208 and NGC 6811 are 
still very unsatisfactory which calls for further high precision 
observational investigations. 



Figure 4. Distribution of the distance, reddening and age of the 
72 suggested standard clusters as listed in Table HI 



lected these clusters because of accurately determined fun- 
damental parameters. The final diagrams are used as a ho- 
mogeneous set of empirical isochrones in the age range be- 
tween 5 Myr and 4 Gyr for the study of faint reddened open 
clusters. The lists of Mermilliod (1981) and Piatti et al. 
(1998) only coincide in three cases: NGC 3766, NGC 6231 



6 CONCLUSIONS 

Using open clusters for studying global and local phenom- 
ena is very much dependent on the accuracy of the used 
cluster parameters such as the age, reddening and distance. 
This is also vital for testing theoretical models. We have 
made a statistical study of the published cluster parame- 
ters summarizing the results for 395 open clusters. While 
the reddening seems to be quite accurate, the ages and dis- 
tances suffer from severe uncertainties. For about 90% of all 
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studied clusters, the error of the reddening is below 0.1 mag. 
For the distance we find absolute errors of less than 20% for 
about 80% of the aggregates. However, only 11% of the in- 
vestigated open clusters have errors of the ages which are 
less than 20%; there are extreme discrepancies of more than 
200%. This calls for a homogeneous set of isochrones to- 
gether with a solid fitting technique. 

We have compared the errors of the mean cluster pa- 
rameters with the differences of those listed in the open clus- 
ter catalogue by Dias et al. (2002) which is widely used. 
Both error distributions have the same statistical signifi- 
cance. Using the parameters from the mentioned catalogue, 
therefore, introduces the same error level as using averaged 
values from the literature, an important result when using 
this catalogue. 

As last step, a set of 72 open clusters with the most 
accurate (in a statistical sense) parameters were established. 
Those clusters cover a wide range of reddenings, ages as well 
as distances and should serve in the future as a standard set 
for further observational efforts and for testing theoretical 
models. 
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